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Abstract
We give the comment why the supermassive black hole exists at the center of almost all
galaxies. We consider the origin of the supermassive black hole from the point of view of the
density of the matter. If the density of the matter is fixed and such matter can come together
by the gravitational attraction, such stellar object eventually becomes the black hole. If the
density of the matter is that of the atom, such matter naturally comes together to form
the black hole by the gravitational attraction. This is expected to be the process to form
the supermassive black hole. In this way, we can understand that there exists supermassive
black hole at the center of almost all galaxies, because there is no delicate process to evolve
into the black hole.
1 Introduction
Recently we have the observational evidence that there exists the supermassive black
hole at the center of almost all galaxies[1][2]. The mass of such supermassive black hole
ranges from 106M⊙ to 10
9M⊙. It is well understand how the ordinary black hole is formed
from the ordinary star [3]. But it is not established how the supermassive black hole at the
center of the galaxies is formed[4]. Whether the stellar object becomes the black hole or not
is related with the radius and the mass of that object. But we must more carefully study
whether such stable state, especially the density of the matter, physically exists or not. For
example, it is quite improbable that there exists the mini black hole with the radius of a few
centimeters, because such stable state of that density is not physically known. Even if such
stable state of the density exist, we must study how to evolve into the black hole from the
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stellar gas.
In this paper, we study the black hole from the point of view whether such black hole is
the stable state of the physically known density or not, and we study how the supermassive
black hole is naturally formed from the stellar gas.
2 Ordinary Black Hole
We use Misner-Thorne-Wheeler notation [5] and consider the Einstein equation of motion
in the form
Rµν −
1
2
gµνR =
8piGTµν
c4
, (1)
where G is the gravitational constant, R is the scalar curvature, Rµν is the Ricci tensor and
Tµν is the energy-momentum tensor of the matter. The metric of the Schwarzshild solution
is given by
ds2 = −(1 − a/r)dt2 +
1
1− a/r
dr2 + r2
(
dθ2 + sin θ2dφ2
)
, (2)
where a =
2GM
c2
.
For the ordinary star, we have
rordinary star >> a =
2GM
c2
, (3)
so that the ordinary star does not become the black hole. While, for the special star, which
satisfies
rB.H. ≤ a =
2GM
c2
, (4)
it becomes the black hole. The values of the physical constants in the above are given by
G = 6.67× 10−11 m3/kg · s2,
c = 3.0× 108 m/s.
(5)
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We use the following values of various physical quantities
M⊙ = 2.0× 10
30 kg, r⊙ = 7.0× 10
8 m,
Mearth = 6.0× 10
24 kg, rearth = 6.4× 10
6 m,
Mnuetron = 1.67× 10
−27 kg, rneutron = 10
−15 m
Mhydrogen atom = 1.67× 10
−27 kg, rhydrogen atom = 10
−10 m. (6)
2.1 Black hole radius for the sun
We use the above physical values, and we evaluate the critical radius r⊙ B.H. for the sun.
If the radius of the sun becomes smaller than this critical radius, the sun becomes the black
hole. This critical radius becomes
r⊙ B.H. =
2GM⊙
c2
= 3× 103 m. (7)
2.2 Black hole radius for the neutron star
We put the radius of the neutron star as L times the neutron radius, that is, rneutron star =
Lrneutron, then the mass of the neutron star is given by L
3Mneutron. The critical condition
that the neutron star becomes the black hole is given by
Lrneutron =
2GL3Mneutron
c2
, (8)
which gives
L =
√
rneutronc2
2GMneutron
= 2× 1019. (9)
Then we have the typical mass of the neutron black hole, ordinary black hole, as
Mneutron B.H. = L
3
×Mneutron = 1.34× 10
31 kg = 6.7× M⊙, (10)
which agrees with the observation. The typical radius of the neutron black hole is
rneutron B.H. = L× rneutron = 2× 10
4 m. (11)
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3 Supermassive Black Hole
3.1 Black hole condition from the fixed density of the matter
We denote the density of the matter as ρ, then we have M =
4pir3ρ
3
. The critical radius
that the stellar object becomes the black hole is expressed as a =
2GM
c2
=
8piGρ
3c2
r3. Then if
we take the radius r to be large enough, we eventually have r < a =
8piGρ
3c2
r3. Therefore, if
the matter is in the stable state with the physical density and such matter can come together
by the gravitational attraction, it eventually evolve to the black hole.
3.2 Black hole radius for the stellar object with hydrogen atom
We put the radius of the stellar object with hydrogen atom as L times that of the hydrogen
atom, that is, rhydrogen star = Lrhydrogen, then the mass of the stellar object with hydrogen
atom is given by L3Mhydrogen. The condition that the the stellar object with hydrogen atom
becomes the black hole is given by
Lrhydrogen atom =
2GL3Mhydrogen atom
c2
, (12)
which gives
L =
√√√√ rhydrogen atomc2
2GMhydrogen atom
= 6.3× 1021. (13)
Then we have the typical mass of the black hole with the hydrogen atom as
Mhydrogen B.H. = L
3
×Mhydrogen atom = 4.2× 10
38 kg = 2× 108 M⊙ (14)
This mass is in the range of the observed mass of the supermassive black hole 106M⊙ ∼
109M⊙. Then we expect that the supermassive black hole is the black hole composed of the
hydrogen atom. The typical radius of the black hole with hydrogen atom is given by
rhydrogen B.H. = L× rhydrogen atom = 6.3× 10
11 m = 4.3× cosmological unit. (15)
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4 Summary and Discussion
We study why the supermassive black hole exists at the center of almost all galaxies.
As the supermassive black hole exists at almost all galaxies, it must exist the quite natural
process of the stellar gas evolving into the supermassive black hole. We study in this paper
from the point of view whether the density of the black hole is the physically stable state
or not. There are two typical stable density, that is, the nucleus density and the atomic
density. It is the quite delicate process to to reach the nucleus density state from the stellar
gas. The stellar gas forms the heavy star and such heavy star collapse, then we have the
ordinary black hole if some delicate condition is satisfied. While, if the density of the matter
is that of the atom, the stellar gas can come together by the gravitational attraction without
any delicate condition. Then such object eventually becomes large enough and we naturally
have the supermassive black hole. In this approach, we estimate the typical mass of the
supermassive black hole as 108M⊙, which is in the observational range of the supermassive
black hole 106M⊙ ∼ 10
9M⊙ .
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